Alexithymia refers to a cluster of emotion-related deficits such as difficulty attending to and identifying one's feelings. Although not a diagnosable psychiatric condition, alexithymia is considered a personality risk factor for multiple pathologies, including somatoform, substance use, eating, and mood disorders. Evidence suggests heritability, but few studies have examined the influence of specific genes on alexithymic traits. Candidate genes explored thus far include those involved in modulation of brain-derived neurotrophic factor (BDNF) and dopamine, two neurotransmitters whose functions have been implicated in human emotion processing. This study investigated the relationship between the C270T polymorphism of the BDNF gene, facets of alexithymia, and possible interactions with the COMT, DAT1, and ANKK1 genes in a sample of 130 healthy adults. Given the multidimensionality of the alexithymia construct and its overlap with the related constructs of emotional intelligence and mood awareness, we used principal components analysis to derive Clarity of Emotion and Attention to Emotion as specific facets of alexithymia. Results showed that the C270T C/C genotype group had lower Clarity of Emotion scores relative to the C/T genotype group, even after covarying for COMT, DAT1, and ANKK1 genotypes. Dopamine-related genes had no association with alexithymia dimensions, nor did they interact with the C270T polymorphism to predict Clarity of Emotion. Although the molecular mechanisms by which this polymorphism influences BDNF are unknown, this study suggests a role for BDNF in modulating aspects of alexithymia. We discuss these results in the context of BDNF's trophic effects in the nervous system.
Introduction
As a trait composed of emotion-related deficits involving difficulty attending to and identifying one's feelings, alexithymia has been associated with problematic coping patterns across a range of medical and psychiatric illnesses, including chronic pain, breast cancer, somatization disorders, substance use disorders, eating disorders, and mood disorders [1] . Alexithymia can arise from brain trauma, sexual assault, and childhood exposure to an emotionally dysfunctional family [2] [3] [4] . However, with estimates of alexithymia at 10% of the general population [5] , alexithymia also manifests in individuals without any of the above risk factors, necessitating other etiological explanations. While results of twin studies suggest genetic factors [6, 7] , very few studies to date have examined the influence of specific genes on alexithymic traits.
Candidate genes explored thus far include those involved in modulation of brain-derived neurotrophic factor (BDNF) and dopamine (DA), two neurotransmitters whose functions have been implicated in human emotion processing [8] . BDNF has received considerable attention in the neurogenetic literature for its trophic effects on dopaminergic, cholinergic, and serotonergic neurons. Several polymorphisms of the BDNF gene, located on chromosome 11p14.1, have been identified: a dinucleotide repeat (GT) n polymorphism, a Val66Met (196G/A) polymorphism, -374A/T and -256G/A polymorphisms, and a -270C/T substitution. Of these, only the Val66Met polymorphism has been examined in the context of alexithymia, with the finding that presence of at least one 66Met allele, which functionally leads to reduced BDNF secretion, is associated with alexithymia and, in particular, difficulty identifying one's feelings [9] . With respect to DA, analysis of the chromosome 22q11.21-q11. 23 gene coding for catechol-O-methyltransferase (COMT), an enzyme responsible for synaptic catecholamine degradation particularly in the prefrontal cortex (PFC), has led to mixed results. One study found that the Val allele of the COMT Val108/158Met polymorphism, which results in faster DA catabolism and therefore less DA availability in the PFC, is associated with alexithymia [10] . A similar study, however, found no association [11] . Finally, the A1 allele of ANKK1 gene located on chromosome 11q22-q23, which has been linked to reduced receptor binding potential of the D 2 receptor [12] , is associated with alexithymia [9] .
The interaction of BDNF 66Met and ANKK1 A1 genotypes as predictors of alexithymia has inspired a multistep theoretical model postulating that reduced BDNF levels lead to reduced dopaminergic activity in the D 2 mesocortical pathway to the anterior cingulate cortex (ACC). Walter and colleagues [9] theorize that two consequences of diminished ACC activity are poor conscious emotional awareness and the inability to attribute bodily sensations of arousal to consciously perceived emotions; these consequences are, respectively, suggestive of the two most common features of alexithymia, inattention to emotion and poor clarity of emotion. Corroborating this model are neuroimaging data that implicate a compromise in ACC structure and function across facets of alexithymia [13] [14] [15] [16] .
The extant neurogenetic work is promising in light of the Walter et al. [9] theory, but more research is needed to explicate the relationships between BDNF-and DA-related genes in the alexithymia phenotype. To date, no one has examined the BDNF C270T polymorphism in the context of alexithymia or its related processes, although research is beginning to explore relationships between C270T and cognition in psychiatric and neurological populations [17] [18] [19] [20] . The current study addresses this gap by examining the C270T polymorphism in relation to alexithymic dimensions and its potential interactions with three DA-related genes: the COMT and ANKK1 genes, as described earlier, and a gene coding for the dopamine transporter (DAT) that modulates DA availability. DAT, which is responsible for DA reuptake from extracellular space, is regulated by the DAT1 gene, located on chromosome 5p15.3. The DAT1 gene displays a polymorphic variable number of tandem repeats (VNTR) within the 3' untranslated region where 40 base pairs are repeated between three and thirteen times [21] . The 9-and 10-repeat genotypes are the most common in the general population [22] , with the 10-repeat form associated with decreased DA transmission relative to the 9-repeat form [23] . As DAT is described as the most efficient way to clear the synapse of DA [24] , examination of the DAT1 gene will help characterize any relationship between BDNF, DA, and alexithymic processes.
The multidimensionality of the alexithymia construct, however, complicates interpretation of genotype/phenotype data, as there is considerable overlap of alexithymia with the related constructs of emotional intelligence and mood awareness [25] . Factor analytic research has suggested that different facets of alexithymia have unique cognitive and emotion processing correlates [25, 26] . Therefore, rather than measure alexithymia at the superordinate level, this study makes use of empirically-derived dimensions, resulting from principal components analysis of three closelyrelated self-report scales, to permit analysis of gene/alexithymia relationships at the facet level. As alexithymia is a dimensional personality trait, much in the same way as are extroversion and neuroticism, sampling from a normal population is appropriate for the present study. In order to control for the effects of confounding variables, we specifically chose a sample of community adults who were free of neurological and psychiatric conditions (e.g., traumatic brain injury, neurodegenerative disorders, posttraumatic stress disorder, addictions) for which alexithymia is among the known sequelae [27] . The reported association between the BDNF Val66Met polymorphism and alexithymia leads us to anticipate a similar relationship involving the BDNF C270T polymorphism. However, without knowing the intracellular mechanisms by which C270T exerts an influence on BDNF, it is difficult to predict a priori whether C or T allele carriers will have elevated scores and, if so, in which alexithymia-related domain(s). Given the previous research that implicates decreased dopaminergic function in alexithymia, we hypothesize interacting effects with the COMT, ANKK1, and DAT1 genes such that COMT Val, ANKK1 A1, and DAT1 10-repeat carriers, respectively, will exhibit greater emotion processing deficits.
Method

Participants
A community sample of 130 (79 women; 51 men) genetically-unrelated adults was recruited through newspaper advertisements. Ethnic diversity was consistent with local population norms: 87% White or Caucasian, 5% Black or African-American, 6% Asian or Asian-American, and 2% Hispanic/Latino. Age ranged from 18 to 64 yr (M = 32.3, SD = 13.4), and educational achievement ranged from 11 to 26 yrs (M = 15.8, SD = 2.6). The protocol was consistent with ethical guidelines of the Declaration of Helsinki and was approved by the local Institutional Review Board. Written informed consent was obtained per participant. Rule-out criteria for participation included English as a second language, color-blindness, presence of a diagnosed psychiatric illness and/or history of psychiatric treatment, history of significant neurological illness or brain injury, history of medical conditions with known cognitive or emotional sequelae, substance abuse history, and use of psychoactive substances within the last month. Psychiatric screening was done with the Mini International Neuropsychiatric Interview (M.I.N.I.) [28] .
Procedure
Participants completed self-report questionnaires designed to assess alexithymia and its related constructs: the To-ronto Alexithymia Scale (TAS-20) [1] , the Trait Meta Mood Scale (TMMS) [29] , and the Mood Awareness Scale (MAS) [30] . DNA was obtained for some participants (n = 105) with peripheral blood samples, drawn via standard venipuncture by a certified phlebotomist, and with cheek buccal swabs for other participants (n = 25). All participants completed the protocol in individual sessions.
Self-Report Measures
The TAS-20 is a 20-item scale that consists of three subscales: Difficulty Identifying Feelings (e.g., "When I am upset, I don't know if I am sad, frightened, or angry"), Difficulty Describing Feelings (e.g., "It is difficult for me to find the right words for my feelings"), and ExternallyOriented Thinking (e.g., "I find examinations of my feelings useful in solving personal problems"). Higher subscale scores reflect worse ability. Each subscale has shown adequate internal consistency, with alpha coefficients of 0.78, 0.75, and 0.66, respectively [31] . The TAS-20 has also demonstrated good test-retest reliability in nonpatient samples across cultures [32] .
The TMMS is a 30-item scale that consists of three subscales: Attention to Feelings (e.g., "I don't think it's worth paying attention to your emotions or moods"), Clarity of Feelings (e.g., "Sometimes I can't tell what my feelings are"), and Mood Repair (e.g., "No matter how bad I feel, I try to think about pleasant things"). Lower subscale scores indicate worse ability. The TMMS has shown adequate internal consistency (full scale alpha coefficient = 0.82), and internal reliabilities per subscale (0.86, 0.87, and 0.82, respectively) [29] .
The MAS is a 10-item scale of meta-emotion skills that consists of two subscales: Mood Monitoring (e.g., "I am sensitive to changes in my mood") and Mood Labeling (e.g., "Right now I know what kind of mood I'm in"). Lower subscale scores reflect worse ability. Both subscales have respectively shown adequate internal consistency (0.88 and 0.77) and test-retest reliability (0.94 and 0.76) [33] .
Genoptying
DNA extraction was completed with the Gentra Puregene Blood Kit (Qiagen: Valencia, California, USA) or with the QIAmp DNA Mini Kit (Qiagen), as appropriate. Genotyping for BDNF C270T, COMT (rs4680), and ANKK1 (rs1800497) was done at Dartmouth-Hitchcock Medical Center in Lebanon, New Hampshire, USA with TaqMan assays using pre-designed, allele-specific primer and probes from Applied Biosystems (Foster City, California, USA). All primers and probes were used at final concentrations of 900 nM and 200 nM, respectively, in 1× TaqMan Universal PCR Master Mix (Applied Biosystems) on a 7500 Fast Real-Time PCR System using allelic discrimination analysis with the 7500 Software v2.0 (Applied Biosystems).
Genotyping for DAT1 was completed at Bates College in Lewiston, Maine, USA. The polymerase chain reaction (PCR) was run on an Eppendorf Mastercycler Pro thermal cycler (Hauppauge, New York, USA) using the following primers: DATVNTRF: 5'-TGT GGT GTA GGG AAC GGC CTG AGA-3' and DATVNTRR: 5'-CTT CCT GGA GGT CAC GGC TCA AGG-3'. Reactions were carried out in volumes of
, annealing at 59˚C for 30 seconds, and extension at 72˚C for 45 seconds, with a final extension at 72˚C for 10 minutes. Gel analysis used 2% low-melt agarose (BioRad: Hercules, California, USA) containing ethidium bromide. Genotypes were determined by comparison to a standard 100 base-pair ladder (New England BioLabs).
Results
Genotyping Distributions
Since not all participants provided consent for genetic assay of all four polymorphisms, total sample sizes vary slightly. BDNF C270T genotyping indicated a sample composition of 63 individuals with the C/C, 43 with the C/T, and 2 with the T/T genotype. To conserve statistical power, only individuals with the C/C and C/T genotypes were included for further analysis. COMT genotyping identified 30 Val/Val, 52 Val/Met, and 27 Met/Met individuals. Consistent with other researchers [10] and in order to maximize cell sizes, we condensed participants into Val homozygous and Met carrier (i.e., Met/Met and Val/Met) groups. DAT1 gene assay revealed 62 participants with the 10/10, 55 with the 9/10, 6 with the 9/9, 4 with the 10/11, 1 with the 3/3, 1 with the 8/10, and 1 with the 9/11 genotype. Like Garcia-Garcia and colleagues [34] , we retained the 10/10 group and combined the 9/9 and 9/10 groups. Finally, ANKK1 testing indicated 5 individuals with the A/A, 35 with the A/G, and 66 with the G/G genotype; the A/A and A/G groups were subsequently combined. Distributions of each genotype was consistent with the Hardy-Weinberg equilibrium (all p = ns), and all allelic groups were comparable in terms of age, gender, and years of education (all p = ns).
Data Reduction of Alexithymia Variables
Principal component analysis (PCA) was performed to identify the latent factors among the TAS-20, TMMS, and MAS subscales. The questionnaire data met the standards of the Kaiser-Meyer-Olkin measure of sampling adequacy (0.82) and Bartlett's test of sphericity (approximate χ 2 = 575.4, df = 28, p < 0.001) recommended for PCA [35] . Varimax rotation was used, and the number of factors retained was determined by the Kaiser criterion and visual inspection of the Scree plot. Two factors emerged, which together accounted for 70.1% of the total variance. Based on the pattern of factor loadings ( Table 1) , the first and second components were renamed Clarity of Emotion and Attention to Emotion, respectively. Given a modest sample size in relation to the number of subscale variables entered into PCA, we employed a rigorous cut-off criterion of |0.8| for factor loading interpretation as recommended by Stevens [36] and Guadagnoli and Velicer [37] . The factor score coefficients were estimated using the Anderson-Rubin method [38] , a modification of the Bartlett method that ensures orthogonality of the estimated factors. Like z-scores, these factor score coefficients have a mean of 0 and SD of 1 such that positive and negative values of the Clarity of Emotion and Attention to Emotion variables reflect above and below average skills, respectively.
Simple Correlations
Point-biserial correlations (two-tailed) were performed to provide an initial assessment of the relationships between genotypes, the extracted PCA factors, and demographic variables of age, sex, and level of education. The BDNF C270T polymorphism was related to Clarity of Emotion, r = 0.26, p = 0.008, but not to Attention to Emotion, r = 0.04, p = ns. The COMT, DAT1, and ANKK1 polymorphisms showed no relationship with either emotion variable. There was no association among the genotypes groups and any of the demographic variables.
BDNF C270T Effects
A multivariate analysis of variance (MANOVA) with C270T genotype as a grouping factor was conducted for the extracted PCA factors. The full model was significant, Wilks' λ = 0.93, F (2, 101) = 3.80, p = 0.03, partial η 2 = 0.07. Tests of between-subjects effects revealed that the C/C group had lower Clarity of Emotion scores relative to the C/T group, F (1, 102) = 7.27, p = 0.008, partial η 2 = 0.07 ( Table 2 ). Attention to Emotion score was comparable across groups. The full model remained significant after covarying for COMT, DAT1, and ANKK1, Wilks' λ = 0.89, F (2, 86) = 5.32, p = 0.007, partial η 2 = 0.11, Note. Component loadings ≥ |0.8| were considered significant. CE = Clarity of Emotion; AE = Attention to Emotion; TAS-20 = Toronto Alexithymia Scale; TMMS = Trait Meta-Mood Scale; MAS = Mood Awareness Scale. with the C/C group again showing lower Clarity of Emotion scores relative to the C/T group, F (1, 87) = 8.80, p = 0.004, partial η 2 = 0.09.
Gene-Gene Interaction Effects
To assess hypothesized genetic interactions, separate twoway analyses of variance (ANOVA) were performed with C270T genotype as one grouping factor and the COMT genotype (Val/Val versus Met carrier groups), DAT1 geno-type (10/10 versus a combined 9/9 and 9/10 group), and ANKK1 genotype (G/G versus A carrier groups), respectively, as the other. Attention to Emotion was dropped as a dependent variable given its negligible relationship with C270T. Clarity of Emotion was retained as the single dependent variable of interest. Similar to other exploratory behavioral genetics studies [10, 39] and given that a relationship between C270T and alexithymia has not previously been established in the literature, we chose not to apply a Bonferroni correction for multiple comparisons (p < 0.05/3 = 0.017) in these analyses; adjusting the alpha threshold for significance might inappropriately increase the possibility that a real effect is missed among these data [40] . In all three analyses, a main effect emerged of C270T polymorphism on Clarity of Emotion, but there was no interaction between C270T and any of the COMT, DAT1, or ANKK1 genotypes 1 .
Discussion
This study is the first known exploratory investigation of the BDNF C270T polymorphism in the context of alexithymia. In consideration of a theory [9] that postulates dopaminergic activity as an important mediating step between BDNF and alexithymia, we included three DA-related genes in our analysis: the COMT, DAT1, and ANKK1 genes. Mindful of the multidimensional nature of alexithymia and its substantial overlap with the concepts of emotional intelligence and mood awareness, we used PCA to identify latent factors common to all three constructs. These principal components, Clarity of Emotion (i.e., the degree to which one understands and can label emotional states) and Attention to Emotion (i.e., the degree to which one attends to emotions), demonstrated different relationships with the BDNF C270T polymorphism, which is consistent with other research that highlights unique sets of external correlates for these affective dimensions [25, 26] . In the present sample, the C270T C/C genotype group exhibited lower Clarity of Emotion scores relative to the C/T genotype group, and this effect held after covarying for COMT, DAT1, and ANKK1 genotypes, a finding that was not confounded by age, gender, or education differences. The three DA-related genes themselves did not relate to either alexithymia facet, nor did these genes interact with the C270T polymorphism to predict Clarity of Emotion scores. As the C270T polymorphism explains up to 11% of the variance in Clarity of Emotion, there clearly are other variables that account for the rest. These other variables, however, do not appear to include the COMT, DAT1, and ANKK1 genes. It is also unlikely that psychiatric or neurological variables contribute differentially to this effect, as only healthy adults, screened for conditions that are often comorbid with alexithymia, were included in this study.
Despite a modest, multiethnic sample, the present study suggests a role for BDNF in modulating aspects of alexithymia, particularly the tendency to have poor insight into one's emotional states. The relationship between the C270T polymorphism and Clarity of Emotion is broadly consistent with the recent finding by Walter et al. [9] of a connection between the BDNF Val66Met polymorphism and the TAS-20 subscale Difficulty Identifying Feelings. Taken together, this is evidence of an association between two different BDNF polymorphisms and nearly identical phenotypic traits. Although C270T appears to be functional, we do not yet know the molecular mechanisms by which it exerts an effect. Like Met substitution for Val66Met (for review, see [41] ), the C/C genotype might lead to trafficking defects in BDNF secretory pathways and, subsequently, reduce BDNF availability in the synapse. Future research with transgenic animal models is necessary to characterize the intra-and intercellular consequences of the genotypes. It is also important that future research on the BDNF gene should simultaneously assay the C270T and Val66Met polymorphisms to determine if they are being inherited as a haplotype.
When assessing a phenotypic change in tandem with a genetic variant, it is difficult to determine whether the genotype in question has a direct effect on the phenotype or whether the effect is mediated through a downstream functional change or interaction with another gene [41] . Walter and colleagues [9] address this possibility when they advance the idea that ACC activity is a proximal contributor to emotional clarity, which itself is governed in part by dopaminergic activity in the D 2 mesocortical pathway, which, in turn, is influenced by varying BDNF levels. In this model, the BDNF genotype is a distal agent in a multi-step biological pathway. Contrary to our hypothesis and contrary to this model, we did not find an interaction between C270T and any of the DA-related genes. Although this is a major point of difference between the two studies, the present findings do not necessarily negate the Walter et al. [9] theory. Three possibilities exist to reconcile the discrepant results. First, it is possible that the C270T polymorphism, in its action on BDNF and independently of state-like changes in dopaminergic activeity, leads to structural changes beyond the anterior cingulate (e.g., PFC, medial temporal lobe, caudate nucleus) that are associated with alexithymia. Second, it is possible that some change in the DA system is still an important intermediary but that the C270T polymorphism interacts with genes outside of COMT, DAT, or ANKK1 (e.g., DRD1, DRD3, and DRD4). Third, it is possible that there is a non-DA neurotransmitter intermediary (e.g., serotonin, acetylcholine) that links the C270T polymerphism to clarity of emotion.
This list is by no means exhaustive, but it does highlight the neuropharmacological complexity of BDNF that makes interpretation of relationships between genetic variants and facets of emotion processing so challenging. Future research is needed not only to characterize the molecular basis of altered BDNF function by C270T but also to map structural and functional brain differences between C/C and C/T groups. Description of where and under what conditions these groups differ at the level of the brain will be an important step to refine theories of how BDNF influences alexithymia and why the C270T polymorphism shapes the clarity of emotion facet alone. 
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